basic model for mutation accumulation is University of California ẋ 0 (t) ϭ Ϫu 0 (t) x 0 (t) Irvine, California 92697 ẋ i (t) ϭ u i Ϫ 1 (t) x i Ϫ 1 (t) Ϫ u i (t) x i (t) i ϭ 1,…,n Ϫ 1 ẋ n (t) ϭ u n Ϫ 1 (t) x n Ϫ 1 (t), Summary where x j (t ) is the number of cell lineages with j mutations One of the great challenges of cancer research is to at time t, u j (t ) is the rate at which lineages move from explain the epidemiological patterns of cancer incihaving j mutations to having j ϩ 1 mutations, and the dence based on the molecular processes that lead to dot is the derivative with respect to time. I assumed that uncontrolled cellular proliferation. The epidemiologionce an individual had a single lineage with n mutations, cal data demonstrate that the age-specific incidence that person had cancer. Thus, x n (t ) is the cumulative of many cancers increases in an approximately linear probability that an individual develops cancer between way with age when plotted on a log-log scale, with ages 0 and t. , where U devarious tissues depart from log-log linearity in particupends on the various constant transition (mutation) rates lar ways [2]. Here, I illustrate those departures from u j . The first derivative is the age-specific rate (incidence), log-log linearity by introducing plots of the age-spe-
number of steps per lineage that remain before cancer. Note that the blue line in Figure 2A shows roughly the same sort of decline as the observed pattern in breast cancer in Figure 1B .
The second new issue concerns an extended model of clonal expansion. Previous models have contributed much to understanding departures from linearity in the log-log incidence plots [5] [6] [7] [8] . Most of those models assumed only a single round of clonal expansion. Fisher [9] proposed a model with two rounds of clonal expansion, but under his special assumptions, the log-log plot of incidence versus age remains linear.
In precancerous lineages, a mutation may lead to clonal expansion, followed by another mutation in one cell of the clone. The new mutant may then give rise to another round of clonal expansion. Several rounds of expansion, mutation, and new clonal growth seem possible, given that cancer ultimately arises as uncontrolled clonal growth following the acquisition of several mutations.
To study clonal expansion, it was useful to rewrite the model above as 
With expressions for u i and D i , we can use the model to study multiple rounds of clonal expansion. This model is general enough to fit many different shapes of loglog acceleration. However, the goal here is not to fit but to emphasize that a few general processes can explain the differences between tissues in their log-log acceleration curves.
Most prior models studied a single round of clonal The rough matches between observation and theory have not been connected to the aggregate patterns of shown here establish new hypotheses for cancer proincidence in the population (epidemiology). It seems gression. The models should stimulate new empirical likely that an increase in mutation rate caused by chrotests and help to foster closer ties between epidemiolmosomal instability would lead to fewer rate-limiting ogy, the molecular processes that drive cancer progressteps, but the nearly instantaneous change in mutation sion, mathematical models of cellular dynamics, and rate would not lead to the slow rise and fall in accelerastatistical analyses of DNA sequences to infer the cellution over many years as might happen for slow prolar evolution of cancers. cesses of clonal expansion (see Figure 3) .
Experimental Procedures

Somatic mutations during development [18] and inherited genetic predisposition cause heterogeneities
Cell Lineages between individuals in rates of progression, which will
The intestine provides the clearest example of how to define a cell affect the age-specific acceleration curves at early ages. 
